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The ABCA4 Gene in Autosomal Recessive Cone-Rod
Dystrophies
To the Editor:
Recently, Maugeri et al. (2000) reported on the screening
of the ABCA4 gene in 5 patients with autosomal reces-
sive cone-rod dystrophies (CRD) and 15 patients with
sporadic CRD originating from Germany and the Neth-
erlands. The identification of mutations in 13/20 patients
(65%) led the authors to speculate that “Mutations in
the ABCA4 (ABCR) gene are the major cause of auto-
somal recessive cone-rod dystrophy.”
The present study was undertaken to evaluate the
prevalence of ABCA4 mutations in a cohort of 55 pa-
tients affected with autosomal recessive or sporadic
CRD.
Within the huge family of inherited retinal dystro-
phies, the CRD phenotype indicates a specific form of
retinal degeneration in which the cone degeneration ap-
pears early in life with a central involvement of the ret-
ina, followed by a degeneration of rods several years
later (Klevering et al. 2002). This particular form of
retinal dystrophy has long been regarded as “inverse
retinitis pigmentosa” (RP) and can be misdiagnosed as
macular dystrophy in the first stages of the disease.
Indeed, the main symptoms at onset of the disease are
decrease of visual acuity, loss of color discrimination,
and photophobia. The b-wave of the photopic ERG
(cone response) is severely reduced, although the b-wave
of the scotopic ERG is still normal. As the disease pro-
gresses, nyctalopia, progressiveperipheralvisualfielddef-
icit, and decreasing scotopic electroretinogram (ERG)
amplitudes are observed.
Four genes (CRX [MIM 602225], GUCY2D [MIM
600179], GCAP1 [MIM 600364], and HRG4 [MIM
604011]) and two loci have been implicated in auto-
somal dominant CRD (CORD5 [MIM 600977] and
CORD7 [MIM 603649]), whereas two other loci were
reported for autosomal recessive CRD (CORD9 [Dan-
ciger et al. 2001] and CORD8 [MIM 605549]) and one
for X-linked CRD (RPGR [MIM 312610]).
Conversely, the ABCA4 gene, which was identified in
1997 as the Stargardt-causing gene, was later recognized
as responsible for some forms of RP (RP19) and some
CRD, depending on the nature of the ABCA4mutations
and on the remaining protein activity (Allikmets et al.
1997; Martinez-Mir et al. 1997; Cremers et al. 1998;
Gerber et al. 1998; Rozet et al. 1998, 1999).
Sixty-one individuals affected with CRD and 40
healthy relatives belonging to 55 families of various or-
igin were recruited from genetic and ophthalmologic
consultations. In 29/55 families, the disease was un-
doubtedly inherited as an autosomal recessive condi-
tion—23 multiplex families (11/23 consanguineous) and
six simplex patients born to consanguineous parents. In
the 26/55 remaining families, the patients were simplex
cases. The time course of the disease was determined by
interviewing at least one patient per family and, when-
ever possible, all affected siblings of the family. Minimal
criteria for inclusion in the study were initial cone dys-
function and subsequent progressive peripheral disease.
In one affected patient per family, we screened for
mutations the 50 exons of the ABCA4 gene, as well as
the flanking intronic sequences, using denaturing high-
pressure liquid chromatography. On the basis of the sec-
ondary structure of each exon, the screening was per-
formed at 1 or 2 temperatures (mutation detection rate
estimated to be at least 0.98). Exons showing a shift
were directly sequenced.
Sixteen different mutant alleles were identified in 13/
55 patients (i.e., 23.6% of all cases). Among these 13
patients, 2 were homozygotes (from two consanguineous
families), 4 were compound heterozygotes, and 7 were
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Table 1
ABCA4 Mutations in Patients with CRD
Patient
ABCA4 ALLELE 1 ABCA4 ALLELE 2
OriginNucleotide Change Effect Nucleotide Change Effect
16 AAC 286 GAC N96D — — France
52 ATC 466 GTC I156V — — North Africa
57 ATC 466 GTC I156V GGG 1819 AGG G607R North Africa
51 CGA 455 CAA 50841G/A R152Q Frameshift CGC 3323 TGC AGT 6764 ATT R1108C S2256I France
11 CGT 764 TGT R255C — — France
41 GCC 3113 GTC A1038V — — France
60 CTG 3602 CGG L1201R AGT 6764 ATT S2256I South Africa
21 CTC 5908 TTC L1970F — — France
30 AGT 6764 ATT S2256I — — Africa
48 GAA 3259 TAA E1087X — — France
2 2617 del CT Frameshift 2617 del CT Frameshift Portugal
5 571-2A/G Frameshift 571-2A/G Frameshift Morocco
61 CGG 4918 TGG R1602W GGC 5929 AGC G1977S England
single heterozygotes (see table 1). Among the 29 rec-
ognized autosomal recessive cases of CRD, only 6 were
found to carry ABCA4 mutations (20.7%), whereas, of
the 26 sporadic cases of CRD, 7 harbored mutations in
the gene (26.9%). The frequencies of ABCA4mutations
in the two groups are not significantly different.
In a similar screen of 43 multiplex or consanguineous
families with Stargardt disease showing genetic linkage
to the ABCA4 locus on 1p22, we identified at least one
mutated allele in 34 families (data not shown). This fig-
ure is broadly in line with the findings of other groups
(Allikmets et al. 1997; Rozet et al. 1998; Lewis et al.
1999; Rivera et al. 2000; Yatsenko et al. 2001) and
suggests that a proportion of ABCA4 mutations remain
to be identified. These could lie in promotor or intron
sequences or in undiscovered exons (e.g., RPGR [Ver-
voort et al. 2000]), or they could be deletions up to 1
mb away (e.g., PAX6 [Lauderdale et al. 2000]). We
therefore conservatively estimate that this screen will
have detected ∼80% of the mutations present in these
families, giving a corrected implication of the ABCA4
gene in 29.5% of all cases (autosomal recessive CRD
25.9% and sporadic cases of CRD 33.6%).
This study confirms that ABCA4 is a major gene re-
sponsible for CRD. Nevertheless, the frequency of mu-
tations appears to be lower than reported (30% in our
series vs. 65% in Maugeri’s series).
Finally, this work might improve genetic counseling
in this condition. Indeed, for a sporadic case of CRD
with no ABCA4 mutation, the risk of the disease to be
inherited nevertheless as an autosomal recessive condi-
tion can be estimated to be 15.6% using the Bayesian
calculation (calculation details on request).
Acknowledgment
We are grateful to the Association Retina France for their
constant support.
DOMINIQUE DUCROQ,1 JEAN-MICHEL ROZET,1
SYLVIE GERBER,1 ISABELLE PERRAULT,1
FABIENNE BARBET,1 SYLVAIN HANEIN,1
SELIM HAKIKI,1 JEAN-LOUIS DUFIER,2
ARNOLD MUNNICH,1 CHRISTIAN HAMEL,3
AND JOSSELINE KAPLAN1
1Unite´ de Recherches sur les Handicaps Ge´ne´tiques de
l’Enfant, Hoˆpital des Enfants Malades, and
2Service d’Ophtalmologie, Hoˆpital Necker, Paris; and
3Unite´ Inserm U-254, Montpellier, France
Electronic-Database Information
Accession numbers and URLs for data presented herein are
as follows:
Online Mendelian Inheritance in Man (OMIM), http://www
.ncbi.nlm.nih.gov/Omim/ (for CORD5 [MIM 600977],
CRX [MIM 602225], CORD7 [MIM 603649], GCAP1
[MIM 600364], HRG4 [MIM 604011], GUCY2D [MIM
600179], RPGR [MIM 312610], and CORD8 [MIM
605549])
References
Allikmets R, Singh N, Sun H, Shroyer NF, Hutchinson A, Chi-
dambaram A, Gerrard B, Baird L, Stauffer D, Peiffer A, Ratt-
ner A, Smallwood P, Li Y, Anderson KL, Lewis RA, Nathans
J, Leppert M, Dean M, Lupski JR (1997) A photoreceptor
cell-specific ATP-binding transporter gene (ABCR) is mutated
in recessive Stargardt macular dystrophy. Nat Genet 15:
236–246
Cremers FP, van de Pol DJ, van Driel M, den Hollander AI,
van Haren FJ, Knoers NV, Tijmes N, Bergen AA, Rohrsch-
neider K, Blankenagel A, Pinckers AJ, Deutman AF, Hoyng
CB (1998) Autosomal recessive retinitis pigmentosa and
cone-rod dystrophy caused by splice site mutations in the
Stargardt’s disease gene ABCR. HumMol Genet 7:355–362
Danciger M, Hendrickson J, Lyon J, Toomes C, McHale JC,
1482 Letters to the Editor
Fishman GA, Inglehearn CF, Jacobson SG, Farber DB (2001)
CORD9 a new locus for arCRD: mapping to 8p11, esti-
mation of frequency, evaluation of a candidate gene. Invest
Ophthalmol Vis Sci 42:2458–2465
Gerber S, Rozet JM, van de Pol TJ, Hoyng CB, Munnich A,
Blankenagel A, Kaplan J, Cremers FP (1998) Complete in-
tron-exon structure of the retinal specific ATP-binding trans-
porter gene (ABCR) allows the identification of novel mu-
tations underlying Stargardt disease. Genomics 48:139–142
Klevering BJ, Blankenagel A, Maugeri A, Cremers FP, Hoyng
CB, Rohrschneider K (2002) Phenotypic spectrum of au-
tosomal recessive cone-rod dystrophies caused by mutations
in the ABCA4 (ABCR) gene. Invest Ophthalmol Vis Sci 43:
1980–1985
Lauderdale J D. Wilensky JS, Oliver ER; Walton DS, Glaser
T (2000) 3-prime deletions cause aniridia by preventing
PAX6 gene expression. Proc Nat Acad Sci 97:13755–13759
Lewis RA, Shroyer NF, Singh N, Allikmets R, Hutchinson A,
Li Y, Lupski JR, Leppert M, Dean M (1999) Genotype/
phenotype analysis of a photoreceptor-specific ATP-binding
cassette transporter gene, ABCR, in Stargardt disease. Am
J Hum Genet 64:422–434
Martinez-Mir A, Bayes M, Vilageliu L, Grinberg D, Ayuso C,
del Rio T, Garcia-Sandoval B, Bussaglia E, Baiget M, Gon-
zalez-Duarte R, Balcells S (1997) A new locus for autosomal
recessive retinitis pigmentosa (RP19) maps to 1p31-1p21.
Genomics 40:142–146
Maugeri A, Klevering BJ, Rohrschneider K, Blankenagel A,
Brunner HG, Deutman AF, Hoyng CB, Cremers FP (2000)
Mutations in the ABCA4 (ABCR) gene are the major cause
of autosomal recessive cone-rod dystrophy. Am J Hum Ge-
net 67:960–966
Rozet JM, Gerber S, Souied E, Perrault I, Chatelin S, Ghazi I,
Leowski C, Dufier JL, Munnich A, Kaplan J (1998) Spec-
trum of ABCR gene mutations in autosomal recessive mac-
ular dystrophies. Eur J Hum Genet 6:291–295
Rozet JM, Gerber S, Ghazi I, Perrault I, Ducroq D, Souied E,
Cabot A, Dufier JL, Munnich A, Kaplan J (1999) Mutations
of the retinal specific ATP binding transporter gene (ABCR)
in a single family segregating both autosomal recessive ret-
initis pigmentosa RP19 and Stargardt disease: evidence of
clinical heterogeneity at this locus. J Med Genet 36:447–451
Rivera A, White K, Stohr H, Steiner K, Hemmrich N, Grimm
T, Jurklies B, Lorenz B, Scholl HP, Apfelstedt-Sylla E, Weber
BH (2000) A comprehensive survey of sequence variation
in the ABCA4 (ABCR) gene in Stargardt disease and age-
related macular degeneration. Am JHumGenet 67:800–813
Vervoort R, Lennon A, Bird AC, Tulloch B, Axton R, Miano
MG, Meindl A, Meitinger T, Ciccodicola A, Wright AF
(2000) Mutational hot spot within a new RPGR exon in X-
linked retinitis pigmentosa. Nat Genet 25:462–466
Yatsenko AN, Shroyer NF, Lewis RA, Lupski JR (2001) Late-
onset Stargardt disease is associated withmissensemutations
that map outside known functional regions of ABCR
(ABCA4). Hum Genet 108:346–355
Address for correspondence and reprints: Dr. Josseline Kaplan, Unite´ de Re-
cherches sur les Handicaps Ge´ne´tiques de l’Enfant, Hoˆpital des EnfantsMalades,
149 rue de Se`vres, 75743 Paris Cedex 15, France. E-mail: kaplan@necker.fr
 2002 by The American Society of Human Genetics. All rights reserved.
0002-9297/2002/7106-0027$15.00
